ABSTRACT purpose. To review clinical results of total knee arthroplasty (TKA) in rheumatoid arthritis (RA) patients with large bone defects of the tibial condyle. Methods. Records of 33 knees in 27 women and 3 men aged 44 to 80 (mean, 63.6) years who underwent primary TKA for RA with large tibial bone defects were reviewed. 16 knees had peripheral defects extending to the bone cortex, whereas 17 knees had central defects that did not extend to the bone cortex. The femorotibial angle (FTA) was <170º in 15 knees, 170º to 180º in 3 knees, and >180º in 15 knees. The mean duration of RA was 13.5 (range, 3-35) years. In 14 knees with severe bone defects, bone grafts (harvested from articular surfaces of knee bones and fixed without screws or Kirschner wires) and/ or metal wedges (for peripheral defects) were used to fill the defects. Clinical outcome was assessed preand post-operatively using Knee Society scores. results. The mean follow-up duration was 6.3
(range, 2.3-13.2) years. The mean depth of tibial bone defects was 11.2 (range, 1-25) mm, whereas the mean width ratio of the bone defects was 36.5% (range, 16.4-76.9%). Mean extension and flexion (range of motion) improved from -12.5º and 113.4º to -5.1º and 115.6º, respectively. The mean Knee Society knee score improved from 35 (range, 21-59) to 85 (range, 49-95), whereas the mean Knee Society function score improved from 30 (range, 25-53) to 80 (range, 44-97) [p<0.001, Wilcoxon signed rank test]. The cruciate retention prosthesis was used in 6 knees; the posterior stabilised prosthesis was used in 27 knees; and the constrained condylar knee prosthesis was used in 3 knees. No patient had any infection or implant loosening. conclusion. TKA achieved favourable outcome for RA patients with large tibial bone defects. The type of prosthesis used and the use of bone grafts and/ or metal wedges were based on the depth and width ratio of the bone defects.
introduction
In rheumatoid arthritis (RA) joints, chronic proliferative synovitis is indicative of destruction of articular cartilage and bone. 1 Total knee arthroplasty (TKA) for joints with large bony defects secondary to RA is challenging. Bone loss leads to angular deformity and instability. In primary TKA, the maximum amount of bone removed from the original tibial plateau should not exceed 1 cm. The bone defects can be filled with bone grafts, 2 cement, 3 and modular wedges. 4 The optimal treatment method depends on the type and size of the defect and the preference of the surgeon. Cement and modular wedges are effective, 5, 6 whereas autologous bone grafts harvested from the resected articular surface of knee bones are less expensive and more physiologically compatible, but the quality and strength of such bone in RA patients is usually poor. We reviewed clinical results of TKA in RA patients with large bone defects of the tibial condyle.
Materials and Methods
Records of 33 knees in 27 women and 3 men aged 44 to 80 (mean, 63.6) years who underwent primary TKA between April 1998 and July 2008 for RA with tibial bone defects deeper than the proximal edge of the fibular head (according to the American College of Rheumatology criteria 7 ) were reviewed. Informed consent was obtained from each patient.
According to the Dorr classification, 8 16 knees had peripheral defects extending to the bone cortex, whereas 17 knees had central defects that did not extend to the bone cortex. The femorotibial angle (FTA) was <170º in 15 knees, 170º to 180º in 3 knees, and >180º in 15 knees. The mean duration of RA was 13.5 (standard deviation [SD], 7.6; range, 3-35) years. 20 patients were taking methotrexate (mean, 6.2; SD, 2.6 mg/week), whereas 26 patients were taking corticosteroids (equivalent to predonisolone) [mean, 4.8; SD, 2.6; range, 1-15 mg/day]. No patient was treated with biologic agent, such as TNFα blocker. The mean serum C-reactive protein level was 1.1 (SD, 0.6) mg/l; the mean disease activity score 28-joint erythrocyte sedimentation rate was 3.7 (SD, 1.8); and the mean matrix metalloproteinase-3 level was 107.2 (SD, 62.5) ng/dl.
A midline longitudinal skin incision was made through the median parapatellar approach. A tourniquet was used. The femoral and tibial cuts were measured using an intramedullary guide. The tibial cut was not below the proximal edge of the fibular head. Ligamentous balancing and proper filling of the flexion and extension space was performed in the standard manner. 9 In 14 knees with severe bone defects, bone grafts (harvested from articular surfaces of knee bones and fixed without screws or Kirschner wires) and/or metal wedges (for peripheral defects) were used to fill the defects. All patellae were fixed with all-polyethylene components using cement. All prostheses were fixed with acrylic cement.
The depth of the tibial bone defect was defined as the depth from the proximal edge of the fibular head to the bottom of the bone defect on anteroposterior radiographs (Fig. 1a) . 10 The width ratio of the bone defect was defined as the width of the bone defect over the width of the bilateral tibial condyles (Fig.  1b) . All measurements were corrected according to a magnification factor of 15%.
Postoperatively, antibiotic (cefazolin sodium) was administered 4 times in 2 days. No knee was splinted. Range-of-motion exercise and transfer to a wheelchair were allowed on day 2. Weight bearing walking was allowed on day 5.
Clinical outcome was assessed pre-and postoperatively using Knee Society scores. 11 The presence The type of prosthesis and the use of bone grafts and/or metal wedges were based on the depth and width ratio of the bone defects (Fig. 2) . The cruciate retention prosthesis (FINE KNEE; Nakashima Medical, Okayama, Japan) was used in 6 knees (3 without a stem and 3 with a short [10- IN] , USA) was used in 3 knees. Bone grafts and/or metal wedges were used in 12 (71%) of the 17 knees with a bone defect of >10 mm deep, 13 (59%) of the 22 knees with a bone defect of >30% width ratio, and 11 (92%) of the 12 knees with a bone defect of >10 mm in depth and >30% width ratio.
Two knees had massive bone graft dissolution within 3 years, but there was no instability or implant subsidence. Two knees showed partial radiolucency between the bone grafts and the tibia on radiographs, but there was no implant subsidence despite graft dissolution. No patient underwent revision surgery.
discussion
In patients with large bony defects, proper component positioning is important in achieving mechanical alignment and stability. There is no consensus on quantifying tibial bone loss; the location of the defect (central or peripheral) should also be considered. 8 A central defect has an intact peripheral rim, whereas a peripheral defect has a deficient peripheral rim. Treatment options include the use of bone grafts, 2 cement, 3 metal wedges, 4 and custom components. 12 The optimal treatment option depends on the type and size of the defect and the preference of the surgeon. The radiolucency rate is high when cement is used to fill the bone defects. [13] [14] [15] [16] Cement with screw augmentation is inferior to custom prostheses and metallic wedge spacers when subjected to axial and varus loading. Thermal bone necrosis and cement shrinkage may risk failure of the bone-cement interface. Therefore, the use of cement is indicated for peripheral defects of <5 mm in depth and <10% width ratio, or small central defects of <10 mm. 17 The use of a custom prosthesis is biomechanically stable, 12, 13 but it is difficult to fit the defect precisely, and the cost and delay in manufacturing such a prosthesis makes it impractical. The use of a customised prosthesis is indicated for complex (peripheral and central) defects or peripheral defects of >20 mm in depth and >50% of the width ratio.
Modular wedges are versatile and simple to assemble for different sizes and positions of Figure 2 The type of prosthesis used and the use of bone grafts and/or metal wedges do not correlate with the depth and width ratio of the tibial bony defect.* * ① and ② denote FINE KNEE cruciate retention prosthesis without and with a stem, respectively; ③, ④, and ⑤ denote Nexgen LPS-Flex posterior stabilised prosthesis without and with a short or long stem, respectively; ⑥ Nexgen Lagacy constrained condylar knee prosthesis; B bone grafts; and W metal wedges augmentation. In unanticipated defects, modular wedges are useful and readily available when a customised prosthesis is not prepared. In our series, no failure of the wedge-prosthesis interface was noted, but the long-term durability of the wedge-cementprosthesis interface is a concern. The radiolucency rate is high for modular wedges. Use of modular wedges is indicated for central defects of >20 mm in depth and peripheral defects of >10 mm in depth and <50% of the width ratio. Bone grafting enables biologic support to the implant and is an easy technique. Surgical time and blood loss are not increased. For primary TKA, the grafts can be readily available. When united, the graft is permanent, durable, and re-establishes the deficient bone stock. Nonetheless, there is a possibility of graft nonunion, necrosis, and collapse up to 31%. 18 The mechanical strength of the graft decreases in the long term. To avoid overload of the grafts, accurate leg alignment with 6º to 10º of valgus and accurate positioning of the tibial component are necessary. The use of bone grafts is indicated for peripheral and central bone defects of <20 mm and <50% of the width ratio. For large peripheral defects or femoral defects, metal wedges or custom prostheses are preferred.
The type of prosthesis used and the use of bone grafts and/or metal wedges were based on the depth and width ratio of the bone defects. Cruciate retention prosthesis without a stem was for knees with peripheral and central bone defects of <10 mm in depth and <30% of the width ratio. The cruciateretention prosthesis with a stem was for knees with peripheral and central bone defects of <20 mm in depth and <30% of the width ratio. The posterior stabilised prosthesis without a stem was for knees with peripheral and central bone defects of <20 mm in depth and <30% of the width ratio. The posterior stabilised prosthesis with a stem was for knees with peripheral and central bone defects of <20 mm in depth and <50% of the width ratio. The constrained condylar knee prosthesis was for knees with large bony defects and subluxation and large femoral bony defects.
For shear load, tibial trays with a long stem achieve better initial fixation, compared to trays with a short or no stem. Tibial trays with a long stem (14.5 cm) decrease the axial load to the proximal cortex by 30%. 19 Failure to achieve initial fixation of the tibial component is responsible for the high rate of TKA failure. 20, 21 Bone quality in RA patients is often poor; the use of tibial trays with a stem enabled rigid fixation in knees with large tibial bony defects. Nonetheless, further studies are needed to determine the appropriate indications for operation techniques and prosthesis types.
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